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1. YncesnpHa peanisalis METOAY FPAaHUYHUX iIHTETPAJIbHUX PiBHSHD y 337ja4axX PO HECTalliOHAPHI KOJIMBaHHS

IIPY>KHUX €JIEMEHTIB KOHCTPYKLIiA

2. Numerical implementation of boundary integral equation method in problems of nonstationary vibrations of
elastic elements of structures

Pedepar:

1. B pucepTalii Ha OCHOBI TEOPETUYHOrO anapaTy MeToly NOoTeH1iany po3pobJieHi, IporpaMHoO peasizoBaHi i
3aCTOCOBaHi Jj1s1 pO3B’sI3aHHS TECTOBUX, MOZEJIbHUX Ta [IPUKJIAIHUX 33424 HOBI €PEKTUBHI METOIVKU JOCiIKEHHS
HECTaliOHAPHUX JABOBMMIPDHUX AVMHAMIYHUX I10JIiB [IEPEMIIIEHD i HAIIPYKEHDb B IIPYKHUX CEPENOBUILAX. PO3IyIsAHYTI
HEeCTalioHAPHI 3CyBHI KOJIMBAaHHS MacUBiB 3 oTBOpamu. OTpUMaHi po3B’s3yBaJbHi CIiBBiZHOLIEHHS Ta IOOYL0BAHO
aJITOPUTM YMCEJIbHOTO PO3B’sI3aHHS 33/1a4i 3 BUKOPUCTaHHSIM METOly TPaHUYHO-4aCOBUX iHTerpajbHuX PiBHSIHB. Ha
OCHOBI [100yI0BAaHOT0 AJIFTOPUTMY PO3p006JIeHa i NPOrpaMHO peasli3oBaHa METOAMKA YUCEIbHOTO aHai3y
napaMeTpiB AMHAMIYHOTO HaNpy>XeHo-1edOopMOBaHOTO cTaHy. OTpUMaHO HOBUI PO3B’A30K 334a4i PO

HEeCTallioHAPHi 3CyBHIi KOJIMBAHHS [IPOCTOPY, 10CJI1a0IEHOr0 IBOMA UJIHAPUYHUMU OTBOpaMH. JloCimpKeHo



3aJIEXKHICTb PE3yJIbTaTiB PO3PAXYHKY BiJl BilCTaHi MixK OTBOpamu. [IpoBeieHi fOCIiIKEHHS HECTALliOHAPHUX
KOJIMBaHb MaCUBHUX €JIEMEHTIB KOHCTPYKLii, sIKi 3HaX0AThCS B CTaHi Iy1ocKoi fnedopmariii. PospobsieHi i
IIPOrPaMHO peasi3oBaHi IBi METOIMKY YUCEJIBHOTO NOCiIKEHHS AMHAMIYHUX I10J1iB ITIepPEMIIEHb i HATIPYKEHb B
TaKux 00’ekrax. OlHa METOJMKa BUKOPUCTOBYE B SIKOCTi QJITOPUTMIYHOI OCHOBU CIIiBBiIHOMIEHHS METOLY
IPaHNYHO-YaCOBUX {HTErpajibHUX PiBHSHb, a Apyra 6a3yeThCs HA IIEPEXO0i B 4aCTOTHY 006J1aCTh 32 OMIOMOTOI0
PO3KJIaJleHHsl HaBaHTaXeHHs B psg, Pype. BcraHoBieHa ogHakoBa eeKTHBHICTb 000X MinxoniB. s peasnizarii
Ipyroi METOIMKM 3aIIPOIIOHOBAHO Ta Peasli30BaHO HOBUI YMCEJIbHO-aHAIITUYHUH MiJXif, 10 OOUMCIeHHSs
CHUHTYJISIPHUX CKJIQJOBUX IPAaHUYHUX iHTErpasiB B 3ajjayax [P0 rapMOHIYHi KOJMBaHHS MPYKHUX MAaCUBHUX
00'€KTIB, 1110 3HAXOJATHCS B IIJIOCKOMY AedOopMOBaHOMY cTaHi. [TinXiz ocHOBaHM Ha HAGIMKEHOMY IIpeICTaBIeHH]
KOMIIOHEHT 4JI€P IHTErpaIbHUX PiBHSAHD BiIPi3KOM CTEIIEHEBOTO PALY, IPUYOMY IIEPUIUH YJIEH LIOTO
IIpeJCTaBJICHHS] Ma€ HAMICMJIbHIIY OCOOJIMBICTD i CHiBIaia€ 3 Bif[IOBiIHOIO KOMIIOHEHTOIO CTaTUYHOTO S7Pa,
iHTerpyBaHHS SIKOi HE CTAHOBUTb TPYZHOLIiB. Po3B's13aHa 3a7a4a Ipo B3aEMHUI BILJIUB JBOX GJIM3bKO PO3TAIIOBAHUX
LUWJIHAPUYHUX OTBOPIB, IPaHUIIS OJIHOTO 3 SIKUX 3a3Ha€ Jii iMITy/IbCHOrO HaBaHTaXeHHs1. Po3B’s13aHa MpuKJagHa
3a/iaya Ipo AMHaMIYHUI Halpy>KeHO-1e(pOPMOBaHUIl CTaH NPY>KHOTO MAcCUBY, Ha SIKUI CIIMPAEThCS TPYOOIIPOBIZ.
MacuB 3HaxOQUThCS B CTaHi IJI0CKOI fedopMmaliii, a [iITHKY MO0 MOBEPXHi 3a3HAIOTH Jii HAMiBCUHYCOIAAIbHUAX
iMITyJIbCiB. BCTaHOBIIEHO, 110 B PE3YJIbTATi IPUKJIALEHOTO INHAMIYHOTO HABAHTA)KEHHS TEXHOJIOTIYHI yMOBHU

(YHKLiOHYBaHHS TPYOOIIPOBOY HE MOPYIIYIOThCS.

2. New effective numerical techniques for research of nonstationary 2D dynamic fields of displacements and
stresses in elastic media are developed in the dissertation on the basis of the theoretical apparatus of the potential
method. After the computer implementation the techniques were applied for solving test, model and real technical
problems. Nonstationary anti-plane shear vibrations of solids with holes were considered. Resolving relations are
obtained and an algorithm for numerical solution of the problem using the time-dependent boundary integral
equations method is constructed. On the basis of the developed algorithm the technique for the numerical analysis
of dynamic stress-strain state parameters is developed and implemented in computer code. A new solution of the
problem of nonstationary anti-plane shear vibrations of a continuum weakened by two cylindrical holes is
obtained. The dependence of the numerical results on the distance between the holes is investigated. Studies of
nonstationary vibrations of massive structural elements that are in a state of planar deformation have been carried
out. Two techniques for numerical research of dynamic fields of displacements and stresses in such objects have
been developed and implemented in computer codes. One technique uses as an algorithmic basis the relations of
the time-dependent boundary integral equations method, and the other is based on the transition to the frequency
domain by decomposing the load into a Fourier series. The same efficiency of both approaches is established. To
implement the second method, a new numerical-analytical approach to the calculation of singular components of
boundary integrals in problems of harmonic oscillations of elastic solids in the state of plane deformation is
proposed and implemented. The approach is based on an approximate representation of the integral equations
kernels components by an initial segment of the power series. The first term of this representation has the
strongest singularity and coincides with the corresponding component of the static kernel, the integration of
which is not difficult. The problem of mutual influence of two closely spaced cylindrical holes, the boundary of one
of which is subjected to a pulse load, is solved. The applied problem of the dynamic stress-strain state of the elastic
solid on which the pipeline rests is solved. The solid is in a state of plane deformation, and parts of its surface are
exposed to semi-sinusoidal pulses. It is established that technological conditions of functioning of the pipeline are
not broken as a result of the applied dynamic loading.
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